Genetic analysis of the E. coli amber suppressor su+JJI tyrosine tRNA gene has provided a new approach to the problem of recognition of tRNA by aminoacyl tRNA synthetase. Some UAG mutants are not suppressed by su11 because insertion of tyrosine at the position corresponding to the UAG codon results in non-functional protein. Mutants of suflj which suppress these UAG codons would be expected to translate them as an amino acid other than tyrosine because of altered synthetase recognition. We have isolated 5 such mutants; all result in single base substitutions in the tRNA amino acid acceptor stem. These substitutions are either in the two terminal base pairs (Al, A2, A81, U81) or in the base immediately preceding the CCA terminus. Mutants Al, A2, U81, and G82 have been shown to translate UAG in vivo as glutamine. All five mutant tRNAs can be aminoacylated with glutamine using high levels of giutaminyl tRNA synthetase. Mutants Al and G82 translate UAG in vivo only as glutamine; A2 and U8l translate UAG both as tyrosine and glutamine. Frameshift suppressor mutants of Salmonella tjphimurium have been characterized by genetic and biochemical methods. Of six genetically distinct suppressor types (sufA-F), at least four involve altered tRNA. The suppressor tRNA's compensate for frameshift mutations by reading non-triplet codons. Suppressor types were correlated with glycine and proline tRNA species on the basis of the effect of suppressor mutations on the chromatographic properties of these tRNAs.
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Complexes were formed and their stability was measured by the Millipore assay. They were apparently completely stable for more than 12 hours.
When such complexes were treated with deoxyribonuclease and venom phosphodiesterase a fraction of the DNA was not hydrolysed. In contrast all of the DNA was hydrolysed in the absence of preincubation with RNA polymerase. The protected fragments were purified by chromatography on Sephadex. The excluded material represented about 05 per cent. of the input, equivalent to about 200 base pairs per T7 DNA molecule. On polyacrylamide gels this material separated into a discrete peak and some smaller heterogeneous fractions.
STUDIES ON THE BIOSYNTHESIS OF RNA POLYMERASE IN ESCHER!CH!A COLI
R. S HAYWARD, S. J. AUSTIN, 1. TITTAWELLA an i. G. SCAIFE MRC Molecular Genetics Unit, Department of Molecular Biology, University of Edinburgh E. coil RNA polymerase consists of several protein subunits. Mutations producing resistance to rifampicin, an inhibitor of RNA polymerase, arise in the structural gene for the beta subunit. We have studied E. coli cells containing two independent copies of this gene, which code respectively for rifampicin-resistant and rifampicin-sensitive RNA polymerase. These cells are sensitive to rifampicin. However, before they cease growing they show a marked and co-ordinate increase in the rate of synthesis of at least the beta and beta-prime subunits of RNA polymerase. The results indicate that there is an active system controlling RNA polymerase subunit synthesis.
The sensitivity of the above cells to rifampicin is dependent on the presence of sensitive polymerase molecules within them. Among the rifampicin-resistant mutant strains which can be derived from such cells, there is a class in which the beta gene responsible for the formation of sensitive enzyme has been inactivated. We have studied various nonsense mutations of this class. The results suggest that beta and beta-prime (at least) are produced by an RNA polymerase operon. A study of RNA polymerase in Streptomjces coelicolor is being made to determine what, if any, role the enzyme has in controlling differentiation in this morphologically complex prokaryote. RNA synthesis in S. coelicolor is sensitive to rifampicin (though less so than in many prokaryotes), and rifampicin-resistant (rf) mutants are easily obtained. Three genetic map locations have been determined for rjf mutations:
B, and C are closely linked to strA, leuA and serB, respectively. In rjfB and C mutants, RNA synthesis is more resistant to rifampicin in whole cells than in crude cell-free extracts, the resistance in extracts being identical to that of the wild-type.
Such mutants may have reduced permeability to rifampicin. In rfA mutants, however, rifampicin-resistance of RNA synthesis in whole cells and in extracts is similar and often high, suggesting that the rfA gene may specify the rifampicinbinding component of the RNA polymerase. It is therefore of interest that of about 100 rfA mutants isolated, none has any morphological abnormality attributable to the rfA mutation, in contrast to the finding that rifampicin-resistant RNA polymerase mutants of Bacillus subtilis are often defective in sporulation (e.g. A. L. Sonenshein and R. Losick, Nature, 227, 906, 1970 In contrast to phag lambdas UV sensitivity of phage T7 is almost unaffected by the recA mutation and differences between phage lambda and phage T7 survival curves seem to be explicabk on the basis of presence or absence of recA gene effects Experiments on the effects of the same mutations on UV reactivation in phages lambda and T7 have given apparently related results. Whereas UV reactivation of UV damage in phage lambda is recA dependent but independent of the uvr genes (previously published data), in phage T7 it is unaffected by recA but does not occur in uvrB or QBB6 bacteria. Mycôbacterium smegmatis contains at ATP-dependent deoxyriboriuclease (DNAase) very similar to the recG ekonucleast f Escherichia coli and to the ATP-dpendnt DNAases of several otht bacteria, all of which are believed to have a ro1 in eneti recombinatiop.
We will report ilivestigations ilito the formation of the complex between this enzyme and DNA and into the degradation of the DNA in this coinplec. It has been confirmed that formation of this complex requires ATP. The studies on the breakdown of th complex confirm that the enzyme is "procesive ' in its action, but they also appear to indicate that, at least under certain circumstances, the enzyme can release Pit1ecules of DNA before their degradation is comp1ted.
We have investigated further the marked increases in aátivitl of this enzyn and of' a DNA polyrtierase which occur when DNA synthesis in Al. smegmatis s inhibited by iron limitation or hydroxyura. Changes in the relative amounts of the DNAases occur on carbon limitation, and spectacular changes occur on nitrate limitation. These changes do not appear to have a simple nutritional role, nor do they appear to correlate with sexual or aseual sporulation. We will report investigations into the DNAase patterns of mutants of A. nidulans with altered levels of mitotic intragenic recombination (Jansen, Mu1aion Res. 10, 33, 1970; Fortuin, Muaion Res. 11, 149, 1971 The hypothesis that at least 4 cotransdcib1e genes: lhrD-C-A-8, govern threonine biosynthesis in Salmonella (Glanvlle and Demerec, Gee; ws 15, 1359 , 1960 was re-ex.ized. Eleven of the original lhr mutations and eight new ones were aialysed by 3-point, ad abortiye transduction tests. The results indicate a cluster of 3 rather than 4 lhr structural genes. These arc believed to specify a thxeoie, specific aspartokinase 1-homoserine dehydrogenase I (lhrA, previously designated lhrD arid thrC); homqserine kinase (hrB, previowiy thrA); and threomne synthase (hrC, previously lhrB). The relative gene order with respect to rpR (Stuttard, .7. Baaeriol. 111, 368, 1972) is: lrpR-lhrA-B--C.
ThrA mutants grow on honioserine, the branch point compound from which both threonine and methionine are synthesised. They give relatively high frequencies of prototrophic " revertants ", some of which feed the parental cells. In one sch prototroph, SD99, the parental hrAlOO8 mutation was suppressed by a second mutation which was about 4 per cent. cotransducible with serA. A similar location has been given for melK which is involved in the regulation of methionine biosynthetic enzymes (Lawrence, Smith and Rowbury, Genelics 58, 473, 1968) . The possibility of meEK suppression of thrA mutations is discussed.
NON-CATABOLITE REPRESSION OF THE LACTOSE OPERON BY MELIBIOSE IN KLEBSIELLA SPP E. C. R. REEVE Institute of Animal Genetics, Edinburgh
There are striking differences in the interactions of Eseherichia coli and KIebsiella with lactose and meibiose. Thus in E. coli lactose only induces the lac operon, whose permease alone is able to accumulate lactose, while melibiose induces both the lac azid mel operons and is taken up by both their permeases: no other permease accumulates either sugar. In K1ebsielt three permeases can all accumulate both lactose and melibiose, and also raflinose; and of these permeases lac is not induced by melibiose or raffinose, mel is not induced by lactose but is induced by raffino&e, and the third permease accumulates lactose, melibiose and raffinose but is not induced by any of them. (E. C. R. Reeve andJ. A. Braithwaite, Genel Res. 21, in pres8, 1973 This paper will present a report of progress on physiological and genetic studies bearing on the organization of the rosy (ry: 3-520) and maroon-like (ma-i: 1-64-8) cistrons. Gene dosage and electrophoretic studies indicate that rosy is a structural gene for xanthine dehydrogenase (XDH), and that it contributes two subunits to XDH. A series of electrophoretic variants of XDH have been isolated, and these map to rosy. Null enzyme activity mutants have been induced on the electrophoretically distinct wild type alleles. Biochemical, immunological and electrophoretic studies distinguish between mutants which make an altered protein, and those which make no identifiable product. Through the use of purine enriched selective medium, large scale fine structure recombination studies between null enzyme mutants induced on electrophoretically distinct ry+ alleles provide data which localize the site(s) giving rise to the electrophoretic differences, as well as the lesions which were associated with the loss of enzyme activity.
Similar studies have been made on the organization of the maroon-like cistron, and the results of both investigations are considered in relation to current thinking about the organization of elementary genetic units in eulcaryotes.
DNA REPLICATION IN THE CHROMOSOMES OF EUKARYOTES H. G. CALLAN Zoology Department, University of St Andrews
In several mammalian, avian and amphibian cells it has been established that the replication of chromosomal DNA occurs in tandemly-arranged segments, and that within each segment replication proceeds bidirectionally from an initiation point or origin. The evidence for these conclusions will be examined.
The newt Triturus contains about 10 times more DNA per nucleus than does the frog Xenopus. When replication in somatic cells (tissue cultures) of these two organisms is compared, the initiation point intervals in Triturus prove to be a lot further apart than those of Xenopus; the rate of progress of each replication fork in Triturus is between 2 and 3 times faster than the rate in Xenopus; and the Triturus somatic cell S-phase lasts about 4 times longer than that of Xenopus. Although these 3 clear-cut differences are evidently correlated with the diverse C-values of these two amphibians, there is a further factor which must not be overlooked in any such comparison, namely to what extent different initiation points within a single nucleus are staggered in their times of onset. The significance of this "staggering factor" becomes particularly apparent when DNA replication in somatic cells of the chicken and various mammals are compared. Although the chicken has a C-value about one third that of mammals, the initiation point intervals, rates of progress of replication forks and S-phase durations do iiot differ significantly.
Concentrating attention on Triturus, it will be shown that in this organism the length intervals between initiation points vary according to the duration of the 5-phase of the cells whose chromosomes are replicating. In embryonic cells, with a short S-phase (and where the initiation of replication is highly synchronised) the intervals are much shorter than those of somatic cells in culture, with a long S-phase; GENETICAL SOCIETY OF GREAT BRITAIN 425 while in spermatocytes, with an extremely long S-phase, the intervals are much longer than those of somatic cells. The problem of how initiation points for replication become reduced in number, widespread through the genome, as meiosis approaches, is being examined.
STRUCTURE AND FUNCTION OF ACTIVE GENES IN THE EUKARYOTIC CELL C. PELLING
Max-Planck-lnstitUt fur Blologie, Tubingen, Germany
The chromomeric structure of the interphase chromosome is discussed in terms of content of total chromomeric DNA, the DNA proportion activated in the course of transcription and the nature of the primary gene product. The process of gene activation is described combining data from lampbrush chromosomes (lampbrush loop formation) and giant chromosomes (puffing). Some emphasis is put on two processes; unwinding of the DNA fibre and the rise of RNA polymerase concentration on the DNA template. Data are evaluated which support the idea of the Diajostelium mRNA contains at the 3' end a sequence of 100 adenylic acid residues. The mRNA has an average molecular weight of 400,000 daltons and over 90 per cent. of the sequences are transcribed from single-copy DNA. Nuclei isolated from cells labelled under a variety of conditions contain, besides rRNA precursors, RNA species (HnRNA) which also have a sequence of poly (A) at the 3' end, and which have an average mol. wt. of 500,000 daltons, 20 per cent larger than mRNA. Pulse-chase labelling experiments, and also hybridization experiments using DNA complementary to mRNA synthesized by reverse transcriptase, show that about 75 per cent of the nuclear poly (A) containing RNA is a material precursor to mRNA.
About 25 per cent of the in vivo nuclear heterogenous RNA is complementary to reiterated sequences in the nuclear DNA; these reiterated sequence transcripts are found predominently at the 5' end and are apparently lost prior to transport of the mRNA into the cytoplasm. Since a large fraction of the single-copy DNA is transcribed (irte1, 1972), it appears that a large fraction of the Dictyc'stelium genome consists of sequences of repetitive DNA 300 pairs long of unknown-perhaps regulatory -function interspersed among single-copy sequences (1200 nucleotides) which code for protehs of average mol. wt. 40,000 daltons. We have found it possible to separate interphase chromatin or rat liver arid rat ascites tumor cells into template-active and template-inactive regions. In the ascites cell, for example, 10 per cent of the total DNA is isolated as the template-active region, corresponding to the template activity for the support of RNA synthesis of this chromatin. Renaturation profiles of the DNA of the template-active region shows that it contains approximately one-tenth of the single-copy sequences contained in the whole rat genome. There are characteristic differences in chemical composition between template-active arid template-inactive regions of the genome. Thus the template-inactive portion contains nearly all of the histone proteins of the chromatin, while the template-active portion contains the majority of the non-histone chromosomal proteins, as well as the RNA associated with chromatin. The experimental evidence coupled to statistical calculations suggests that the average length of the template-active regions is of the order of 10 kilobases or more.
INTERACTIONS OF HISTONES AND THEIR ROLE IN CHROMOSOME STRUCTURE E. M. BRADBURY Biophysics Laboratories, Physics Department, Portsmouth Polytechnic. Portsmouth
Two important properties of histones have emerged from their sequence determination. The first is that the sequences are rigidly conserved which implies a crucial functional role for each residue in the polypeptide chain. The second property is the highly asymmetrical distribution of residues along the polypeptide chain. Segments at one or both ends of the histones are rich in basic and helix destabilising residues while the complementary segments are rich in apolar, aromatic and acidic residues. It has been suggested from this that the basic segments are the primary sites of interaction with DNA while the apolar segments are available for interactions with other histones or nuclear proteins. The highly asymmetric distribution of re5idues allowed the use of high resolution nuclear magnetic resonance spectroscopy to probe the nature of the interactions of histones with histones, with DNA and in chromatin gel. From this study it is possible to delineate the segments involved in the different interactions. X-ray diffraction studies of chromatin have led to the proposal of a supercoiled structure for the DNA-histone complex. The role of histones in maintaining this structure will be discussed. SEQUENCE ORGANIZATION OF THE EUKARYOTIC GENOME The genes hxA and hxnC code respectively for the substrate binding sites of xanthine dehydrogenases I and II. The integrity of the hxB gene is necessary for both activities but apparently not for the associated NADH dehydrogenase activity. A molybdenum cofactor, specified by 5 cnx genes is involved in xanthine dehydrogenases I and II, and nitrate reductase. The product of cnxH is a structural component of nitrate reductase (D. MacDonald and D. J. Cove, Bioclzem. 3. 127, l9p, 1972 ) and probably of both xanthine dehydrogenases. Intracistronic complementation is found among hxB but not among hxA or cnxH mutants. Xanthine dehydrogenase is formed by two independent electron transport chains. I would like to suggest that the xanthine dehydrogenases are formed by three peptides, carrying respectively the substrate binding site, the molybdenum cofactor, and the remainder of the electron transport chains. Each peptide might be represented twice in the molecule, but only the hxB peptides would interact with each other. This model is also consistent with the data on xanthine dehydrogenase and related enzymes in , 98, 1284, 1969) .
We report the isolation of mutants which appear to be ammonium superrepressed for a number of ammonium regulated systems arid are methylammonium resistant. These mutants map at a new locus, designated amrB. Some of the properties of the amrB mutants will be described with regard to their map position, resistance to various toxic analogues and dominance relations. The properties of the double mutants amrA amrB, gdhA amrB, meaA amrB, meaB amrB, xprD amrB, are described and discussed. The synthesis of laccase (p-diphenol: oxygen oxidoreductase) is repressed in rapidly-growing cultures of Xeurospora crassa. The addition of cycloheximide at low concentrations induces the production of laccase, particularly if casein hydrolysate is added simultaneously. Thus, the control of laccase production may be similar to that proposed for tyrosinase (N. H. Horowitz, H. M. Feldman and M. Pall, J. Biol. Chem. 245, 2784 Chem. 245, , 1970 . Most of the laccase is excreted into the medium while more than 90 per cent of the tyrosinase is intracdlluIr; thus, the extracellular location of laccase is not due to cell lysi. Purification of the enzyme has been accomplished by ammonium sulfate precipitation, gel filtration on G-l00 Sephadex, ion exchange chromatography on DEAL Sephadex, and adsorption chromatography on hydroxyapatite. Two forms of laccase, A and B, are resolved by ion exchange chromatography. Laccase B (homogeneous according to SDS potyacrylamide gel electrophoresis) is blue (absorption maxima at 280 and 600 m ), has a molecular weight of 66,000, and contains about 20 per cent carbohydrate. Both laccases are glycoproteins as evidenced by their affinity for Concanavaiin-A Sepharose. The occurrence of viruses in a fungus which is widely used in genetic studies obviously presents a potential system for investigating the genetic relationship of a virus and its eukaryotic host cell. Spherical virus-like particles (VLPS) have been found in cells of the basidiomycete fungus Copriazu lagopus. Infection is recognized by decreased mycelial growth, similar to that described for virus infected cultures of the cultivated mushroom (Hollings and Stone, Ann. Rev. Phtopathol., 9, 93, 1971) or by areas of complete mycelia1 deterioration resembling lysis. In either case, cell death occurs. An unusual feature of the VLPs observed inside cells at early stages of infection is their large size, approximately 1 3Onm in diameter, and obvious Like other higher fungi (Vogel, Thompson and Shockman, Soc. Get?. Mirobiol. S,mp., 20, 107, 1970) , Aspergillus nidulans synthesises lysine by the c-aminoadipate rather than the diaminopimelate pathway. Six loci where mutation can lead to lysine auxotrophy have been described in A. nidula (Pees, Genen en Phaenen 6, 25, 1961; Genetica, 38, 275, 1967) . lpB, I) arid F mutants respond to c-aminoadipate whereas lisA, C and E mutants do not. None of the mutants respond to diaminopimelate or c-ketoadipate although the latter is appreciably toxic, presumably indicating that it is taken up. A semi-dominant mutation (suA-l ls13) suppresses 1sB mutations but not mutations at the other five loci. Unlike mutations at the other loci, l,sB mutations show a slight locus-specific leakiness upon prolonged incubation, perhaps indicating that the suppression mechanism barely Operates in non-suppressor strains. suA-1 lpB is tightly linked to the structural genes for nitrate and nitrite-hydroxylamine reductases (niaJJ and niiA, respectively) in linkage group VIII, the order being suA-l l,sB. . . niaD. . . niiA. Mstiming the deletion phenotype to be non-lethal and to lead to either suppression or elimination of suppression, attempts to select deletion mutations extending into the suAI,sB gene, The larvae of Drosophila me1awguter feed continuously by shovelling with their møuth hooks. The rate of feeding Can be measured by counting the number of cephalopharyngeal retractions per minute of uninterrupted feeding. The rate shows a characteristic pattern of change which is related to larval age. Fast feeding (210 count/min.) and slow (80 counts/mm.) feeding lines were produced by selection from a base population with a mean feeding rate of 140 counts/mm. The character had a realized heritability of 0l9 in the fast, and O09 in the slow line, respectively, and in both eIected lines differences from the control base population depend largely upon interaction between chromosomes 2 and 3. Changes in larval feeding rate in response to selection were accompanied by positively correlated changes in other measures of larval activity such as ambulation, but not in adult spontaneous activity. Conversely, there were no changes in measures of larval activity in lines selected for adult spontaneous activity. The lines selected for rapid larval feeding rate show no significant improvement in the rate of development or final adult body size compared with the control base population suggesting that control larvae are already feeding at a sufficiently rapid rate to achieve their optimum growth potential. By the use of an index, it is possible to maximise the response to selection for an array of traits, where the information available is a battery of observations on the candidates and their relatives. When the information becomes available and selection takes place in successive stages, complications arise. Selection at earlier stages will affect the variance and covariance structure linking sources of information and target traits, and will therefore call for modified indexes in later stages. There is also a problem of whether and how to re-use information from earlier stages when selecting in the later stages.
VIRUS-LIKE PARTICLES iN THE FUNGUS COPRINUS LAGOPUS
H
MULTI-STAGE
A general method will be presented which makes it possible to incorporate previously used data in later indexes, and which facilitates the calculation of correct indexes for use in multi-stage selection. In economical terms, a dairy cow is a machine for producing butterfat and protein.
Genetic improvement of cattle for these traits may be brought about by selection for milk yield, fat yield, protein yield or percentage of fat and protein in milk. For the case of both bull and cow selection, the effectiveness of various selection indexes was measured. Factors varied were-economic values of milk, fat and protein, genetic parameters, number and kind of relatives measured. The results indicate that very simple selection criteria based on yields of milk, fat and protein are likely to be almost as efficient in genetic terms and more efficient in terms of costs and returns than more complex indexes.
THE SELECTION OF BULLS FOR USE IN ARTIFICIAL INSEMINATION A. E. McCLINTOCK
The Milk Marketing Board, Thames Ditton, Surrey
The Milk Marketing Board has provided an artificial insemination service throughout most of England and Wales for about 25 years. The scale of this A.I. operation has recently reached about 2 million cows inseminated per year; about 70 per cent. of these service5 are by dairy bulls (mainly Friesians) and 30 per cent. by beef breed bulls (mainly Herefords). To comply with this demand two testing programmes are in progress: firstly, Friesian dairy progeny testing and secondly, Hereford beef progeny testing. With the increasing value of beef there has been renewed interest in the possibility of testing Friesian bulls for both their dairy and beef qualities; however, it can be shown that there are sound economic as well as practical limitations to the progress attainable in the beefing qualities of Friesians.
claimed that a diminution of nuclear DNA amount of about 16 per cent, has taken place in the "natural "polyploid, B. napvJ, subsequent to the original hybridization (Y. Yamaguchi and S. Tsunoda, ,Japan. *7. Breeding, 19, 350, 1969) . We present the results of a survey of nuclear DNA amounts by microdensitometry in both diploids and polyploids. There are significant differences in nuclear DNA between diploids. The DNA amounts in polyploids are approximately equa1 to, and not significantly different from, the sum of the diploid values. There is no evidence for a DNA diminution in the polyploids. The conflicting results from previous experiments are probably explained by the underestimation of DNA content in the relatively dense nuclei of the polyploid species.
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